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It is known that an electrod® prsssed from powdered iron serves ss the cathoils
in an Edison betiery. The behavior of Lris electrode at low temperatures is dis-
t4ngnished by a number of peculisritiea. In particular, the basic characteristic
of the eluctrode, its capacity (expressaed in ampere-hecurs), greatly decreases wiih
a lowering of temperature, snd at ~25 to ~30 degrees the eluctrode almost com~
nletely breaks dovnm. Since & Jungner-type ferrocadmfum elsctrode works at these
temperatures, the cause of the loss of capacity may be considered to be in the
change of the properties of thege electrodes nt low iemperstures. . This efiect
cannot be explained by the cnange of the proparties of the solution because the
1stter is the seme in both cases. This work will attempt tc explain the cause
of the loae of cepacity of an iron cathode at low temperatures. -,
Kesearch_iistnod

The tests ware made in an apparatus constructed similarly to that descrived
in the work of lukovtsev, Lavins, snd Frumxin (Zhurn. fis khimdd 13, 9156, 1v39).
The apparatus was consideradly smaller in order that the entire apparatus could
be placad in a 10-cm diamster Dewar flask for the low-tempersture tests. Pure
powdered iron pregevd under 1,000 stawspheies wus the object of atudy. .A sclu-
tion of caustic potash xith e epecific gravity of 1.28 ~ 1.30, 1.0.y 80 optimum
conrentration for wors 2% lue temperstures. was used as the electralytz. A
Dewar flask with a mixture o2 sdtohol and solid cerbonic acid served as a cryosiat.

Results of the Measurement Ahg Discusrion
Curves =f cathodie rnd anodic polsrization at $20 degrees.C and ~30 degrees ¢
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are shown in Figure 1, (all vslues of potentlals are &lven with ra!erenc\e to the
reversible hydrogen electrode in the ssme solution snd st the ssme temperature ).
The curve et a low tempersture in the field of hydrogen overvoltage has & steapay
slope snd lies 160 mv higher, 1.6., the temperature cosfficient of overvoltags 1s
3 mv more per degree. The ancde curve also is stespar and intersects the ‘abscissa
8t a current lying epproximatuly one order Beele division on curve/lower than at
room temperature, \

At very low and no-current potentisla, the following phencmenon is observed.
At -30 degrees, ac ig ssen from the graph, the ateady petential is 80 mwv more
negative than at 20 degress. Upon conngcting the current, the potential meintains
a high negstive valus for some time and ‘hen ‘¢radually falls and stops at a
potential approximstely 20 mwv more negative than at 20 degrees. A high nogative .
value of the steady potentisl is observed if ithe e¢ooling is cerried out in e’
presence of a current; in the case studied, the current hed a strength of several
milliamperes. Xf, however, the cooling is carried out without a current, this
potentisl has & more positive value than at room Lemperature, but nevertheless
it is more negetive Lhan the hydi'jen. However, if the electrode is subjucted
to cathodic polarizaiion even with a very amall currenl, the value of the poten~
tisl sharply changes to the negative side and, with a further increase of the -
current, follows & curve vwhich iz obtained when u messurement is mede from ths
large to small values with cooling 4n the presence of n.current. o

Y

Tigure 1. Cathode (0,C) acd Aande (A) Curves on
Powdered Iron at 420 and -30° C.

ine curves of cathodic polarizaticn at + 20 degrees and =30 cleszrees C on
smooth iron are compared in Figure 2. As for the powdered electrode, here also
the temperature voefficient is spproximately 3 aw per degres. The path of the
curve 1o steeper with a sIape of 0.12. Apparently this is due to the faot that
the measuraments an the amnoth electrode are msde in a field of coneiderably greater
densitias of current. Vith regard to the ro-current potentinl at =30 degrees, it
ia 16 mv more negative then the revsrsible, but more posfitive than at room tem-
perature. .
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Fi@rc .'.. Luthode Curves on Smosth Iron at 420 2nd =302 C. .

Comparisn of the curves st room end low temperatures leads to the follow-.
ing results. First, the path of polarization curves at low teapersturers has a
noticeably stupper-slops. Second, ihe temperature coefficiont of overvoltags is
more tisn 3 v por degree, which i aboorms’ly grest for this interval of current
density, . : : : ' : :

i dats forces us to supposs that st low Lemperatures thire is.a film v w0
of oxiges or adeorbed oxysen nn 1ron, even with negative poisntials: As SRR
Richards and Behr (Ztschr. physik. Chem. 58, 301, 1507) have alrcedy shown, the
potential of the iron electrode in & sclution of its salts in an etmosphere of
hydrogen i3 established vary slowly as a regult of the difficulty of separating
oxyger from the Surface of the olecirode. At low temperatures the kinetics ~f -
this process are probably slowed down aven more and oxygen forms a stabls layer
¢f oxides on the surfuce of the iron electrode. Apparer®ly the influence of
this laysr expraeses itself both in steeper polarizetion curves and in a com-
paratively high valus of the teaperstury coefficlent of overvoltags. {It 1a
¥ncen from the work on avolution of goa on iron that if a small smount of oxygen
remaing on the surface of a cathods after rysztoration, the cvervoltage sharply -
shifts to the nezative side and the whole curve hes a considerably stespsr slope,)
The nature of this film remairs unexplained. On the one hand, it can be looked
upon as a disequilibrium formation which results from the oxidstion of iron by
traces of oxygen in the solution and which is not removed in cathodic polariza-
tion becsuass of the slowness of the restoratior process at a low temperature. Ca
the other hend, it is possible to suppose that with a decresse in temperature and
with practically realizable potentisls and a complete absence of molsculai: oxygen
in the system, both the bonding stability of the oxygen end its amouut on tae
surface incresse. 7ne experimental dsia whish we have s present 1s imsufficisat
to make a choice between these two suppositions. Ii is entirely probsble that

the £ilm, atable st a low temperaturc and less stable at room temperature, not
only increases the overvoltage, but also passivates the iron, causing the sharn
cecrsase in capacity of the iron cathode at low temperatur@se. : woi-: oiiog..m . ie

Considering thu duel action of the oxide £ilm, it is possible to expiain the
particular changes nf the steady potential at [igh temperetures oz ‘he powderad

and epoth iron which are dexcribud above. An increase o1 the ovarvoltage causes
a shift of the stegdy potential io the negativs side, snd ‘passivatior

-3 .
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of the anode pmceés to the posi‘ti‘v’-;“ side. 1a the case of o peixersed eiéctrode,’

the shift of the steady potentiasl end the currentless potential to the negailve
side cen be treated as the first stage of action of the oxide film. In the case
of aa slecirode without a current, the passivation is increased and the potential
graduslly shifts to the positive side, tui nevertheless remaining somewhat more
negative than at roog temperature. 1f, homever, tha cooling is done without a
eurrent, the passivation of the electrode decomes considerably stronger and its
potential sequires & value which is more positive then st yoom temperature. In
the case of » smooth elactrods ths passivation becomes frster and its eteady po~-
tentia) at 2 lower temperature alnays has a more positive vaslue than at room
temperature . :

For a further explanation of the role of the passivating £film at low tem-
peratures, curves of digscharge and charge at room temperature and at ~25 degrees
were compared. It i3 already knovn from the classic works of Foerater (Zischr,
Bl®ktyochem, 16,461, 1910) that in the discherge of an iron electrode at o
constent current, a horigontal platferm corresponding to the reaction Fe—3 Fe"°
ja obiereei; after which the potential sharply shifta to the positive side and
a new platform, corresponding to the transfer from Fe®® to Ferv: appears. The
amount of ampere-hours which is passsd through the elecirode before reaching the
end of the first platform characteriges the capacity of the electrode. The normal
capscity of an electrode of average activity at room temperature 1s epproximately
0.2 sh por gram of iron with a currewt of 25 ma per gram. At =25 degrees i‘he N
capacity of the iron electrode decreases by 10 percent of this magnitude. Accord:
ing to numerou® experimentz, 1f Stachsrge ot s low temparature is made down te a
potential 400 mv more poaitive then the reverse hydrogen and even ‘considerably

~ farther, end then the discharge current 45 disconnected and the cooling stopped,

the potsntial quickly returns to s stationary value. in thy eubsequent connec~
tion of an arsde current st room temperature the remsining cipriity, which is
unussd st the low temporaiure; ls spent . :

On tie basis of the psculiarities expressed above of the presence of an .
nxygen f£ilm on iron at low texzperatures, it was decided to modify ihe described
expariment. by not discomnecting the discharge current after stopping the cooling
in order that the passivating layer of oxides would nnt have the possibility of

restoring iteelf. Ty heus ‘
: w00 e T .

v Pisconmechad

Figore 5. Curve of tie Diecharge of ac Iron Cathede at -259 ¢
with Baating by a Conneotsd Apxle Curreat
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water at room tempsresture {direct measuremenis with a thermometor placed inside
the apparatus show thet room tempsrsture is set up ir the apparstus 5-6 minutss
after removal of ine ¢rycsiai and iis replecemsal by & water bzth at room tem-
peruture) aod at the ewws timm tho discharge current is not disovnnected, them
the potomtiel at firet ublfte a 3ittle to the negative #ido, and then again
quickiy revurns 1w tho directios of positive values. The ourve obteinsd i & dfla-
chorge current of 3.5 ma and a temperature of -2% degrees 1s presented in Figurae
3+ The discharge was carrled down to & potential 520 mv more positdve than the
hydrogen, At this mommnt the cooling was stopped and the apparatus was sub- .

- merged in a vater boih s¢ room temperaturc with the anods current unconnected.
The path of change of the tempernture is marked in separate poinis along the

pot ntlal curve, It 1s sesn from the drawing that the potential at the bee

- glnning changed from 525 to 320 mv more positive than the hydrogen, and then
began again to shift stesply to the side of nsgative valuse. Analogous tests were
ocomparsd aizo for othor valnes of ths digobarge ovrrents. The emsller the dlisebzrge
eurrent, the greater is the shift to the negative eide after wtopping the cosling.
Appurently the shif% to the negative sids ia connected with an increase of the
electrochendcal activity of the iron in beating. Rowever, 1f sufficient pasai-

" vating oxides have ageumuiated on the surfzce of the electrods in the dischergs, -
than their quartity contimues to increase anmd £l.s higher temperature., Afier
sore time the potentirl of the elsctrode agein begins to change to the positive
side. If the dischargs is made by & mmsll curisnt ond not allowed to. shift
greatly from the potentisl value of the horizontal platforu, then in apite of the
contiming discharge, the potential quiekly reaches a steady valus upon heat ing )
to room tempersture, snd the cepacity which is not uged at the low temperature
is removed, Thus, the test of warming up the electrode under conditions of
connected discharge current confi-me? the hypothesis expressed sbove thet the

. eause of the lowered cepaciiy ot low temperstures is the presence of on oxidea 7
film on the snrface of the iron elecirode, ; e e e

The rols of an oxygen passivating {ilm at low temperatures is. also con- :
fixmed by observations of the magnitude of the temperature coefficient of over- :
voltage of iron at various temperature intervals, In distinction from other ~ - 0l i
metals (eccording to literature data), powdered iron has entirely peculier de- | @i
pendence of the tomperature zoefficient upon the temperature. A comparison of @
the tempersture coefficients was mede for comparatively large values of current,:’
but in a limited interval, according to the following conaideration~,. On thas & .3
one hand, at low temperatures it is impossible to measure the value corrasponds
ing to a high current density because of the decreasing slectrical conductiwdty, . 'ih. i ::
0f the othor band, at high temperatures the curve for srali currents is great-
ly altered as a result of the increasing solubility of the iron, and a normal T
curve of overvcliage is obtained only with comparatively high values of currents, "’

Heasurements were mede in an intervel from 4 50 to ~20 degrees G, The
results are presented in Table 1,

.
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Depardence of the Cosfficlient of Overvoltege upén tho Temperature
B - overvolcage, i - stvength of Liue surrent,
' - tLsmperature
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50 - 40

o - 30
30 .- 2C

20 - 10
10°- 0.

¢ - (-10)

110 - {-2C
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It 1e.ssan from Table 1 thet the sharpest lnoresse of tho tenporature
cosffivlent s obesrved at an interval from 20 to 0 dsgrees. With a furthor
degrease of the temperaturs tho oorease of the cosffiolent continues, bub
1p nob s¢ sharoiy axpressed. Frow 450 to {30 degrees the coefficlent is com-

. utant. The lorer linlt of the temperaturs runge lm whioh the coefficient
nisteins a constant vnlus and ths ‘megnitides of anefficionts at different
tempergturer way fluotuate aonevhat, ‘depsnding upom the preosiing procsasing
of tha iron. : . :

The persicalsy shenge ot the touporature coalfiecleat of overvultage of
the. irom gaparentiy i aleo reldisd &0 the pregenss of o pessivnting oxddo
f5d, vulen desremses at high tempeTetures and beoumes atable at low tem-
peTatures. S . . ‘

Ths dnta.pmaont.ea 1n the present vork on the resnlts of 4ischarge at

low teaperatuxres and also on the study of the teuperaturo coefficlent support
the contention that a desrsaae inm the capaoity of an iren cathode ah low
temperatures is due to the thlaner formation of @ pesmivabing oxide fila on
18 surface upier thwse ocundiliouds . : . Do .
Ve expross oar tbanke to Academician A. N. Frumkin for his iaterest and
valuable direstioe in carrylog sut the present work. .

Bosulte

1. Polarization curvss at room temperature aod at -30 degross are com-
parod.

, 2. The steeper slope of the overvoltage cnrve et -30 degrees and the high
valuo of the temperaturs cosfficient of overvoltage force us to suppose the
presencs of a Tila of oxides on the surfuce of the siectrode at low temperature.

Je 'T@Sts with a.hut;ed slectrode with en uncomnected anode currunt 605-
£irm the supposition of the formation of e passivating film of oxides oa the
iron at lov tomperatures.

b, Tha tewperaturs coefficlent of overvoltags froa 450 to =20 degrees O
is detormiced; Tus particular behavior of the chaugs of the coofficlieat at low
teupersturas elao confiras tia hypothesis of the presence under these condltiomsn,
of a passivatiog film of oxides on the lron elsoirode, which inoreasss the
overveltags.
. - ¥XD -
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